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i 5 —5a
Ag' antigen
AP1: activator protein 1
ARF1: ADP-ribosylation factor 1
ATP: adenosine triphosphate
BMDC: bone marrow-derived dendritic cell
C/EBP: CCAAT/ enhancer binding protein
CRE: cAMP-responsive element
CyA: cyclosporine A
DNP-HSA: dinitrophenyl-human serum albumin
ELISA: enzyme-linked immunosorbent assay
ERK: extracellular signal-regulated kinase
FceRI - Fce receptor 1
FCS: fetal calf serum
G3PDH: Glycerol-3-Phosphate Dehydrogenase
GDPBS: guanosine-5'-(B-thio)-diphosphate, sodium salt
GEP: guanine nucleotide exchange protein
GPR39: G-protein-coupled receptor
HRP: horseradish peroxidase
IgE: immunoglobulin E
IxBa: NF-xB inhibitor a
IKK: IkB kinase
IL: interleukin

LAT: linker for activation of T cells



LDH: lactate dehydrogenase

LPS: lipopolysaccharide

LTC4: leukotriene Cq

LTCC: L-type calcium channel

MAPK: mitogen-activated protein kinase

MEF: mouse embryonic fibroblast

NF-xB: nuclear factor-x B

MTM: membrane trafficking motif

PCA: cutaneous anaphylaxis

PLA2: phospholipase A2

PI-3K: phosphoinositide 3-kinase

PIP:: phosphatidylinositol 4,5-bisphosphate
PIP3: phosphatidylinositol (3,4,5)-trisphosphate
PKA: protein kinase A

PKC: protein kinase C

PTPase: protein tyrosine phosphatase

PVDF: polyvinylidene difluoride

RT-PCR: reverse transcription polymerase chain reaction
SDS: sodium dodecyl sulfate

SDS-PAGE: SDS-polyacrylamide gel electrophoresis
siRNA: small interfering RNA

TLR: Toll like receptor

TNF-a: tumor necrosis factor-a

TPEN: N,N,N'’ N*tetrakis(2-pyridylmethyl)ethylenediamine



WT: wild type
ZIP: Zrt- Irt-like protein
Zn: zinc

ZnT: Zn transporter
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L. 10 ng/ml DNP-HSA T 1 BFE|#ili%1% . FceRI{KIEIED [1-6 DfRE 3R % £ &) RT-PCR
ICEVHEIE LR, (B) A LREBEOERE 1 ng/ml © LPS #ili% 47\, TLR4 K17 11-61x5
GREPE Lz, (C) A LFREEOFEERE 1ng/ml © IL-33 LTIV, IL-33 S A AIKFE
65 R A2 RE Li-, * p<0.05, **p<0.01, ***p<0.001, Tukey O#E. Student
t BE,
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AT = — 71~ 7 A EEBHRMIRIC 31) 5 TLRA RFEMY A b1 VEAICEET 3

g = —T7 N LPSICL > THHFEENDL Z LRI, BRGEICEE LTS
il DS MBS N T H R Y = — 7 ORBEPAFEL TV DL ATREEE B 2 -, £ 2T,
BEHAL 2 A O CHigy 7 = — 7 ORI G DWW TR T2, [’ 6A RT3 XK 512, LPS 3Rk
Iz BT 2 & IC iy 7 = — 7 %355 L. Newport Green ¥ 7} /L D FHIZ, =H v
VE MBI Lo THEICIH Sz, ZOREE —F LT, LPS #FEM IL-6 fEA S =0
NP E B IO TPEN LB K-> Tl &4, 16 HEFIZBWNWTH =LV B BLT
TPEN ALEEIZ Ko THIfl &5 Z & DR 72 (K 6B-C), 2O DOFERMN G, #ighy =
— I~ A MR T BRI B W T hRRE S, YA b AV EAICES L

TWD Z DRI NT,
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1.8 A
1.6 A
1.4 4
1.2 1

0.8 4
0.6 -
0.4 4
0.2 4

A6 5% B 54 BE

o3axka—JL

B =HILUE(+)

1

30000 -

25000 A

IL-6 (pg/mL)

5000 +

o

[
[ I N
1 i

0.8 4
0.6
0.4 -

IL-6/G3PDH

0.2 ~

20000 4

15000 -

10000 -

LPS

— '}

B=AILTE(+)
B TPEN(+) H

LPS

*

*
parko—i

O AhILTE ()
ETPEN(+)
<DL

ok
+
ok
oaxvkE—)L *
+

LPS

6. BRERMIZBITAESR Y = —T DOV A NI A VEBEIHE

(A) 1 pg/ml @ LPS T 2 K filiitz O/ N IR E 2, 10 pM = /L2 v THITAL
BTN, 5 —% 1%, Newport Green DAHXHR
ANV ET21E 0.1 pM @ TPEN (2 X 2 BiLEE A 1T -
AR LA OEETO, BRIRAIIICE T 5 1 pg/ml @ LPS #lPE o 3 B o IL-6
FEAD L ~)L% ELISA ICL > THIELZ, (C) 10 pM =BT v £721% 0.1 pM ©
TPEN RifLELR L OMELEE DA T, 1ug/ml © LPS3 BE#IIKIC L 5 [-665 R %, &
* p <0.05, ** p <0.01, *** p <0.001, Tukey DIRE.

HLIEHER LOELH DL

ExERrLTW5D, (B) 10 uM ©=

&1 RT-PCR IZ L » THIE LTz,

Student D t ME, BHEIREALLT, <DL, below detection limit
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R 7 = — 71X IxB FKFAIREE © NF-xB v 7 VR BRI B 5§ 5

~ A MlIEIZ 3BT 5 IL-6 X° TNF-a 72 EDORIEVET A b U A > OFEBLFEI11% NF-xB 1%
AR DN TH D Z L n, #igh Y = — 772 NF-xB OIEMHEGICKETH L0008 5 g
BEt L7z, NFxB LAR—% —#\EF2EA LA Mz HnTLy 727 —8 L R—
2 —DREEIT>T2, K TAIRT L S, NF-xB O FeeRI {KfFME L R — & —IHMEIL, =
AN T EASLE ST~ A PRSI W TH RIS S, #i8 Y = —7 5 NF-xB #EK O
IEMALZRET T2 2 EAVAIBA L7, WRIZ, NF-xB O RELEFET 2 IxkBa ORI xt
TH=INVE DR EPF T, v A ISV T, FeeRLARMIZL, IkB D4Rl L Ot
MAPK OIEMEAL A R FERIICHFE L. (7B, C), L L PAICK LT, = Ay
\ZE DM T = — 7 DAE X, FeeRI FHEMED IxB HfRIZEE L -7 (K 7B,D), =
NWHORERIL, Wign Y = —7 2 kB JEKAFHIC FeeRI A NF-xB ¥ 7 /AR R 12 BE

oz tammeliz,
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184 Ddarkp—i )
#H 161 WMoALTEV(+) 14 4 Oav ko—n
M 2 A B hPer(+)
o 12 g
] X 1
© 10 5 v n.s. n.s.
& 38 = 84 n.s.
R g ] N
= 4 4 o
2 | W4
0 2
- +
0 ,_-
DNP-HSA 0 3 10 30 (min)
B avio—n L= HATEY D DNP-HSA
DNP-HSA: 9 3 10 30 0 3 10 30 (min)
= 47kDa
pERK1/2 e — D e — —
g OdartAa—i
o — 47KDa -g 15 W HLPE(+)
ERK]/? ST - e L
5 s.
= ws
IkBa S g
- 35kDa o
X
. ( : 0 (min)
a -tubulin — 474Da DNP-HSA

7. BT = —7 D NF-xB ¥ 7 F)VRER K ~DIER

A~ A Mgz HWT, =LV E LB L 7ZFE0 FeeRI #IIZxHd 5 NF-xB OiEME
~DOWELE N T 2T —BLER—F—T vEAIL o T2, v A MlifEIZ NF-xB/ Luc
77 AI RDNABLUOphRL-TK 77 AI RDNAZ= L7 hrfRb— a3 ST DEA
L7z, fEH1E Renilla Ly 7 = 7 — Rl L CHERE(L L7, (B) (C) (D) ERK1/2 Y » i
b L O IxkBa Dozl ~7=, FURRIE R, Midzmg Loy > 7 v 240 p-ERK £7213
PLIkBa LA TT my b Lz, #ERITIEY VB ERK £/ ac F 2 —7 U ATk L TEERE
b L7z, *p <0.05, Student ® t #HE,
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SR Y = — T IXAEERNIZIT B LPS MEMEY A U A VEAFRE ORE L K73 v etk
A=A

YA NIA UPBACHFEIN D~ T ARMIEETT V& FAVT, in vivo TOHA N A
VEAICKT D =NV OEMRETNT, v U AABBEKELIT =T
v (50 mg/kg) % 3 ARk L CREMENTES L. 8 A HICAEBRREKEIZ=rve
2 K Dtk O ES%  LPS (0.5 mg/ kg) Z 14t L7z, fiEH O+ bl A > O IL ELISA
THIE L7, X8R T &L 91T, LPS S 1 BEf#% O TNF-a DI L~Lid, = AP
Y T ACBWCHERICIH Sz, oL, Y = —7 W invivo IZBWT Y

LPS #HEMEY A b A L pEAAE & R T v etk 2 om i L7z,
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4000

3500 4 Oa>rbrao—iL

3000 -

2500 A

2000 A

1500 A

TNF-a (pg/ml)

1000 o

500 -+
<DL

B HLoer(+)

<DL

LPS

8. in vivo COMIEETTNVITHT B =N VU IGEROER
oy ha—/LE 7L 50 mglkg = VP UHLE~ T 21T 0.5 mg/kgLPS % N
L. 1FI#ZOMmEH TNF-a 2E 2 HIE L7z, * p <0.05, Student @ t fiE, RHFRELL

T, <DL, below detection limit
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BE

ASEIORFFETIE, ~A MRS Y A S H A v & EET HRIEIC OV T RO 3 A H
L7z 1 DHIE~ A MRS ERICAF A7 FeeRI 2T LR CTH D | Ml i
FHL LT 5 FeeRIIC IgE Hilk 23 A L. & HI IgE BUAOHUR S AT 5 2 & THE S
b, ZORBETIE, A NI A VEAOHICRIERCIRE A 7« = — X — D3 W T,
FHERBROBICIE L SN D (1), 2 > HIZBERGEICES LT TLR 240 L7 T
HY | ZORBITIHBODTRIERITE Z S0 BB A "I A U EFETHZ EBRMG
NTW2I35], 3 5HIFY A M UA U ZEEEZ LIZRKETHY . ARV IL-33 1%, #f
HIEE 2RI RE 2 AT DM, HFFRERSS Th2 275 L L CT7 LAY — S E2HE T 52 L
PRGN TVWS[36,37], £7-. IL-33 flifiZ 2 F 72~ A Mz T IL-2 DFEAE 2R
L. IL-2 (C & o CTHIEPE T Ml 2GS 280 WmE ST s(88], b 350
VT FIUVRBICBWTEEIND A NI A COFEEIIEAY THY, TnETniis s
TR THEI SN TWD LB HNDHI39], T FETIE, #ifhYy =—7 LD i Zpiligh
7 F T LT FeeRI Z 913 DRI 1T DWFFEN 2 SV T2, £ OFER 7 i1
RHATH o7z, ARIOBFEIZ L > T, TLR4 B LW IL-33 LA KD > 7 URRIKICE1T
LHiR Y = — 7 ORREIZONWTH LN R o722 L2 XY | RIERISIZH T DHlighs 7
I DOFEENT DWW TR T © D & bt b,

Hgh T = — 7N TLR O 7 FAREICE G LTV D &0 O R AR 24 il
WZBWTHHEER Y = — 7 OIFENRB Z b Tod, SRR A W CHighy = — 7
DWTHEEIT o 7o, EOREER, BRHICHS W TR Y = — 7 BFET 5 Z LRSS
72729, TLR Z3H L T\ D ZOMOHRICB W T HHEER Y = — 7 OBENFEL TV D

ATREVEANVR STz,
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BN T = — 7 O IC OV THATHIE TR T NI L E AV TERMN TR Tz, L
L. YHFEOBIRICIBWCHEh Y = — 7231 D8k x 72 LTCC WSRO R4 ik L7
LA RININVZHRT= NV OIERRRD TR TH D Z &R ghole, £2

T, =2z HOT NF-gBIEHRIEA~DFEEL U R—2—7 ALV BRET LT,
ZOREFR, =NV E T NF-kB OWEEZI6IT 5 Z LR shic, LinL, V= AZ
Ty T 4 T DORERIZIBNT IkB O RICEEN 2N Lind | IKK EEKE I LIcTE
PEALRRBE LT L TR W 2 LD DTz, 2D OFERIE, #igh v = — 7 OfEf) &
LT IxkB O S iv7c#% 0O NF-xB IT/EH L TW D TR A RIE T 5 D Th o 72,

HUMIE £ 7 L & W T BIT OFE R D, LTCC HEMEETHH =N B EHIZL - T
LPS # %MD TNFa OFEADIEITHILEE L O L~V E TIfl Shiz, ARNiciz<2 M
JaLshC~v a7 7 =Tl EOY A N A VEARRAGEEL TEB Y., SEORSRITEE
FEOYA NI A FEAMBIZINT LTCC 24t Liz¥ A A PEAEFREE ST 2

ATREVE AR LT,
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/NG

FETITMRNER S 7T A O—fTH LMY = — 7T D H R E I HONT
AT, <~ A MW T R SZiign ¥ = — 7% FeeRI fIC K %A 1 V3
Az EI L TVD 2 EDRHRE STV, AWFZEIL TLR 0% A b7 A BRI X
STHEBRICHR Y == NEC D Z 2R L, £72, ¥ X Mlld oMU BRI 30
THHE Y = — 7 O LR LTz, 2D ORI, #fh Y = —7 0~ A Mlla D Tl

R KRR IR A DA VEAM TR OND V7T KR CTH 2 ATREME 28R L T2,

< X R w
.-,,, e
|

[ Zn wave ] IL-6, TNF-a

B

INaE Lfcc

X 8. AT = — T DF =2y I FNRK

ZNFETIE FeeRI HEDO T 7T /UREIZEB W THigh Y = —7 B L TWH EH X TX
7oy, TLR4 R° IL-33 XK KD v 7 F /VRIRIZE W T b #ligh v = — 7 13fAE L TWnbH 2
EIRRENT,




o
ARF1 _7F R & B =S kA o st

BF
T

ARF1 ® N K< 7'F Kty Td 5 ARF1Q-1DICHEEBETF—7 (MTM) e S+
7= MTM-ARF1(2-17) (ARF1 ~<7'F R) (ZiZ. ARF1 OFEEFIEERH 5 2 Ll ST
W5[40,41], LT, A MERIZEB W TIE FeeRI #E M0 ARF1 G E 3 X OVBLIE
FIOEMERZATHZ RSN TWAI8l (K1), ZhvbnZ &hn, ARF1 XTF R
T LA =R EHT L AREMENEZ b D, £ 2 TH ETIE, ARF1 ~X7F Fo~
2 bR ER I E R R I8 1T D ETE AR L OV ARF1 <7 F FOHLT LAF—2h R

WZOWTRRET LTz,
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FceZBIHF1

!

Fyn T — I E— COOH

|

PI-3K
|

ARF1

| MTM [ ARF1(2-17)
B BT

it B

1. ¥R MHIREIZEBIT 5 ARF1 O&#E| L ARF1 X7 F RiZ &k 5 ARF1 [HEEA
(A) ~ A MR HUFERRLZ %) 5 & FeeRI WO ¥ 7 FARELTTFry ¥ - —8T
H 2% Fyn MEMEALT 5, £ LT, Fito PI-SK 23EMHE(L L, £ Dtk ARF1 MEMH(LT D,
ARF1 [IBER OB OERIBATICE G L TWAH Z RS iuTin%, (B) ARF1 © N K
MORTF R Tdh o ARF12-1DIZEEIRETFT—7 (MTM) %56 SE72X7F KR
ARF 1 OiEMAbZHEFE L, £72, v~ A MilgIcB T 2 RER 2 HET 5 2 L8RS Tn
Al
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KBRIT ik

ARF1 R7F FOERKR
Toray Research Center (##45)1l, HA) IZBW WA EZIXm ol v~ N 7T 7 4

—IZ& V. ARF1 <7 F P2 GBI R L,

<A

C57BL / 6J 8L U'BALB / ¢ ¥V AZHASLC b AF L, <~ TR, FrEDHEIR
KON T THERF S, 8~12 ER O THOMTIT Wz, AEBIT TWH7EEEEEIC
DRAY ULY/ES EADES TIMMES RAP .S =l I SHNONE: UL 7/ES NS NI stANESy A [ [l o (N

A ] BT L, ARFEMEREZEELOARZH T T,

MHfE B
~ 7 ZEBEH R~ A MR (=2 M) X, BALB/c ~ 7 A D ERIA R L 10% 0
FCS A Y RPMI1640(WAKO, 189-02025)\= IL-3 Z /2T, 37 °C * 5%CO02 * 95% IR 5

HCa~5 BMEEE LI O EEH Lz,

BRI 7 > A

~ A Mliln% 37 ‘CT 12 K§f#. 0.5 ng/ mL @ IgE TRAE S W7, E&IE#. Hill% Tyrode
AR (10 mM HEPES pH7.4,130 mM NaCl, 5 mM KC1, 1.4 mM CaCls, 1 mM MgClo,
56mM 7 /b a—R) T2[HBEH L, WWTRIEAAYy 77 —IJEE L, ZMMiv=Frr7 ==
b biffE7 47 2 (DNP-HSA, BIOSEARCH TECHNOLOGIES) T 30 4y 4Lt L
oo B VW I =X —EBSIE, BEE IS AEY 50 pL 0% v =L~ 1.3 mg/ mL
D p=rtr7z=)L-N-7TEF/NLDZ/NatI R (0.IM 77 =, pH4.5+) 100 puL
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MMz, 37 CT5H0 it sz, WwiZ, 0.2 M 7'V >-NaOH (pH10.2) 150 pL %
W95 Z Ll X » CTEER G &5 1E X8, 405 nm TOWIEE %2 Model 680 microplate
reader (Bio-Rad) THIE L7z, #MIEMAYIL 1% Triton X-100 % & A3 5 Tyrode FEEIK
TR UTze i (%) = RIEOWRIEEE (FI5 O WS BRI fEy O W IERE) x100 D=

LD, BAF Y I =F—PORLRE L,

VA MHAVBIOTFIINAT 4 =—F—DHIE
Mifass s BiEH o IL-6 OJEIL BD OptEIA™ ELISA Sets(BD, 555240) % H T, LTCq4
DT Leukotriene Cs ELISAKit (Cayman Chemical, 501070) % f\W\CHl&EF O~ 1

b ==/ > THIE L7z,

Y 7V A 5 PCR T

#Mfn % Sepasol RNAI (Nacalai Tesque) TAHET A AL, RNA |ZREE DT 1 h =
— Ve CTHBE L 7=, WHREREESR (ReverTra Ace; Toyobo) 3L U4 YU = (dT) primer

(Invitrogen) 500 ng % & e 1ug @ RNA 2>5 42 CT 30 43 cDNA # &% L7=, cDNA
XV TNV Z A L PCRIZE - THIE LTz, FEMERIST g3pdh (ZXIT 2% 116 BB 4|
SYBR® Green Reagent (TaKaRa) # FHWTHIE L7z, 2406 OFEER THH L 7= primer 1%,
Invitrogen 2> LA L, EINIZLL FTo@EY THh 5 : 116 : forward primer, 5~
GAGGATACCACTCCCAACAGACC-3 ~ B X O  reverse primer ., 5™
AAGTGCATCATCGTTGTTCATACA-3; G3PDH : forward primer . 5
TTCACCACCATGGAGAAGGCCG-3 ~ B X O reverse primer . 5

GGCATGGACTGTGGTCATGA-3",
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ZEEET 7 4 TxR—FT I~ ADOER

BALB/c~ 7 A% W HIZR FES L7 0.5 pg @ IgE T 12 B & 72 13— BE/E S w7,
WIZ, AFRREK E 721X MTM-ARF1 (8-16) ~<7'F R&J@IENTS Lz, 30 /3th. 21l
Vb= - gUMmiET /LT 2 (DNP-BSA) (Cosmo Bio Co.. LTD) 250 ng %
Xz 27— (Sigma-Aldrich) 5 png/ mL Z BB EHEKITEN LEEE L,
HOx N 270 —0iRM%Z 30 oMt =4%—L., MiH DN D= R 2T —% KL A
7 2 F 700 pL ' 63 CT—Behhiti L7z, HAALTATE FTHIH LT A 2T 0—0

G %A 620 nm CHIE L7,

LBk REER (LDH) 7v&Aa

AERLFEME D E Efkld, H5Hi~0 LDH B2 ET 5 Z L2k > THTo 72, v A Milllag
1x106cells / mL OFE CHERE L, MTM-ARF1 (8-16) ~X7'F ROAEE F £ 72I1XIEFE F T
0.5 RFfHl £ 7213 3 RefHlisaE L., 553 L& 7 v e Ui, LDH i&MIL, Mifla#r: LDH 7
vt A% v h-WST (Dojindo Laboratories, CK12) % HW\WCTHLEE D 1 b 23— it -

THIE LT,

BRI ST

WeatfiEdr >~ 7 ~ IBM SPSS Statistics # VT, Student ® t KiEZ17V . p fE2 0.05

AR DA T — 2 IIMETFERICAE TH D & AR LT,
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RS

ARF1 X7 F FOBRERFLEDRICEER C RRERIT 16 FEDY v 2 E&0EFIT
»5B

~ A N HIf LR OBLE I /B e MTM-ARF1 (2-17) 12815 C KO EERT 2
J BRICH 2 R IE T D 72012 K 2B 2R K 912 C Rl b B PERIIC K L T % ARF1
HRDERTF R Gl LTz, ~A MRREERIZ KT 5 2 b DO~TF RORERMEZ
BRIV &2 BT Y R ==V OIEEEIET 5 Z LI L » Tz, %
ITrgE8l & —F L T, MTM-ARF1 (2-17) 1%, FeeRI 7t~ 2 NS ERI OGRS
TERZR LTz (K 2A), E£7-. Fe1TiF5E[4011c 3T ARF1 OFHETEMEICE S L Thnz
EARENTWS MTM-ARF1 (2-17) @ G2-N7 534 &k < £k ~7F & MTM-ARF1
(8-17) 2B\ Th, RO EEM RSN (K 2A), RWT, MTM-ARF1 (8-17)
? C KD BT ZFRE LT HEICB W THEEHRIIRE S 72 (1 2A), E1THB X ONKS
RKRSETGE. AEAITRLNR o niifigdmn A oin, BT 6 Kis £ TRA
SHEDEEEHRITZRICA OGN o7 (KM 1A), ThbHD7—2(3, MTM-ARF1 (2-

17) © K16 Z @ ehdd 23~ A MaBER O EICHEE TH 5 Z & 2R LT,
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>

B-hex IIHHEDH
N w E-Y (4, ] (<] ~

N.S.
T U smss—)
i B sE#EE+)
N.S.
N.S.
0

T T T T T T
avko—) MTM-ARF1 - MTM-ARF1 ~ MTM-ARF1 MTM-ARF1 ~ MTM-ARF1 MTM-ARF1

(2-17) (8-17) (8-16) (8-15) (8-14) (8-11)
B . "
) “ . B SRR PR EZhR

MTM-ARF1(2-17) : AAVLLPVLLAAP - GNIFANLFKGLFGKKE +
MTM-ARF1(8-17) : AAVLLPVLLAAP - LFKGLFGKKE +
MTM-ARF1(8-16) : AAVLLPVLLAAP - LFKGLFGKK +
MTM-ARF1(8-15) : AAVLLPVLLAAP - LFKGLFGK -
MTM-ARF1(8-14) : AAVLLPVLLAAP - LFKGLFG -
MTM-ARF1(8-11) : AAVLLPVLLAAP - LFKG -

2. v A MHEASEERI A E S RICH D MIM-ARFL O C RKIFFEIR D R K DRE
(A) ~ % bHRBLEERI (263 54 MTM-ARF1 ~7F ROMENREE 7T 7R Lz,

~ A Mz 16 pM O&~7'F R C 5 ML L=, HURICE Y 30 mfEdilH L7z, &
W, v A MR % B~ Y Y I =X —BIEEERET DS Z LI Ko TN, E
TP HE (R (SD) &£, HEHRiT L, Student ® t REZ AV TITo7, N.S.:
BT *: P<0.05 (B) MTM-ARF1 @ C KERfEBICI T 5 BT F RoRE&EE M
MBZ R L7z, ARF R_7F FOT I BRI L~ A R xH3 2 BRE R & oY
AR LIz, +1dp 28 0.05 Kili CH W HEHOICAEE THDH Z L 2R LTV D,
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ARF1 X775 RO~ R Mlfai ki BLEZE & <7 F K N RKigaEik OB

~ A MR OBREIZ 72 ARF1 <_7'F RO N Rl 7 X BRiE L2 IR ET 5
7212, ARF1 (7-16) @ N Kb b BEFERIIZ R K L TV DL ETF R L7 (X 3B),
MTM-ARF1 (7-16) 1%, FeeRI #FE M~ 2 MERABEERL 2 52212 fLE L7z (K 8A), MTM-
ARF1 (7-16) @ N KifEkio N7, NTB L ONLS, £ NT»D FIRRKLEHA, ~
A MIRROBERLIIAEICHE I (] 8A), Ll s, N7»b Ko kAL
MTM-ARF1 (11-16) %, FAFEEA RS ero7c (M 3A), ZOFERND ., BERIFEE
TEMEIC K10 2 B RSN EE TH D 2 LS ivic, £7o, C Rimfll 2 ~7-fE R & ahd
D& SRR~ A NI Bk L E RIS, Ko, K16 25T ARF1 (10-16) AHET

bHLEZDND,
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T L] HiE#Es—)
B 5iE#H+)

Aol

MTM-ARF1 MTM-ARF1 MTM-ARF1 MTM-ARF1 MTM-ARF1

B-hex B FEDLL
N w f - (4] [=7] ~J

avko—iL

(7-16) (8-16) (9-16) (10-16) (11-16)
B BRI SRR
7 10 16

MTM-ARF1(7-16): AAVLLPVLLAAP - NLFKGLFGKK +
MTM-ARF1(8-16): AAVLLPVLLAAP - LFKGLFGKK +
MTM-ARF1(9-16): AAVLLPVLLAAP - FKGLFGKK +
MTM-ARF1(10-16): AAVLLPVLLAAP - KGLFGKK +
MTM-ARF1(11-16): AAVLLPVLLAAP - GLFGKK -

3. ¥ A MRBEERIIZ %5 MTM-ARF1 @ N RURHEIR D K & D 5%

(A) <~ A MJABEERLIZ XT3 544 MTM-ARF1 X7 F ROEMNRE 7 F 7R Lz,
~ A Mz 16 pM O&~7'F R C 5 ML L=, HURICE Y 30 mfEdilH L7z, &
T, w A MIRABEERZ B-~F Y =X — B RET S Z LIS L o TN, il
TR R (SD) KT, #ato#Hrid, Student D t EEZHWTIT>72, N.S.: A
BTV, *:p<0.05, **:p<0.01 (B) MTM-ARF1 ® N KIGHEIKIZ BT 5B~
F FOREETEMEMEZ R L7z, ARF X7F N7 2/ Bicy &~ A MNlfaiifEhicx-34 %
FLEZF & OBEfRE /R LTz, +13 p A 0.05 Kii Ch W HistiicAE ThHHZ L &2/ LT
W5,
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MTM-ARF1 RX7F Rid~= X MDY A oA VEEZEEF L

~ A MIEIZB T DA U A CEAICKT D MTM-ARF1 (8-16) ORREFH~5H 70
12, FeeRI HIPIC L » CAE SN IL-6 DX 237 BEHBLER L O mRNA &%, ELISA
BEOY 7% A L PCR ML - Tz, K 4A IR T K 512, MTM-ARF1 (8-16)
THLE LT~ A MM Tl FeeRI AKIZ & 5 TL-6 O¥IINA EICHH Sz, 61T,
MTM-ARF1 (8-16) I%, FceRI il IL-6 HHLILE L7- (X 4B), b ORI,

MTM-ARF1 (8-16) M#EH L~V TIL-6 pEAELZIAET AL 2R LT,
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>

120

* %k
100 -

80 -

60 -

20 -

0 j T i

RUB(-) PIB(+) RIB(-) RIB(+)
axvko—JL MTM-ARF1(8-16)

IL-6 (pg/ml)

12

*

10 -

| .

RIB(-)  WIE(+) RB(G)  RUB(+)
avka—iL MTM-ARF1(8-16)

116/g3pdh
(=] N ~ 1] (=]

4. MTM-ARF1 O¥ A b H A VEA~DRE

(A) 116 . 3 B> FeeRI HIIL%Ic~ A Nl HECE FiEPIC R S - B4
ELISA (T & » THIE L72, MTM-ARF1 (8-16) & 15 uM THLEE L 7=, {EI3FEH+SD &%
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Molecular mechanisms of mast cell activation in allergic reactions

- Role of zinc wave and ARF1-mediated regulatory mechanism -

Introduction

Mast cells are immunocompetent cells widely distributed in subcutaneous tissues and
mucosal tissues and are responsible for biological defense by releasing various
inflammatory substances. Immunoglobulin E (IgE) antibodies are produced in plasma
cells when parasitic invasion occurs, and the produced IgE antibody binds to Fce receptor
I (FceRI) on the membrane of mast cells. When FceRI is crosslinked by antigen-IgE
complex, inflammatory reactions such as degranulation and cytokine production occur
[1].

Toll-like receptors and cytokine receptors are also expressed on the surface of mast cells,
and they are activated in response to LPS and cytokine stimulation, resulting in
inflammatory reactions [2]. While these receptors have an important role in host defense,
they may also respond excessively to innocuous antigens such as pollens and dead mites
and can cause allergic diseases like pollinosis, asthma and atopic dermatitis [2].
Therefore, elucidating the regulatory mechanism of mast cell activation is important.
Recent studies have shown that zinc (Zn) ion can behave as an intracellular signaling
molecule and that Zn is involved in mast cell activation [3]. In addition, it was reported
that a peptide fragment derived from the small G protein ARF1 (ADP-ribosylation factor
1) has an ability to suppress mast cell degranulation [4]. In this study, the role of zinc
wave in the regulation of cytokine production (Chapter 1), and the regulation of mast

cell activation by ARF1 peptide (Chapter 2) were investigated.

Chapter 1: Role of zinc wave in the regulation of inflammatory cytokine production.

In mast cells, a phenomenon called "zinc wave" in which cytoplasmic zinc concentration
rapidly rises in an antigen stimulation-dependent manner is known to occur [5]. Zinc
wave 1s observed within several minutes after IgE stimulation, and the intracellular zinc
concentration reaches a peak in approximately 15 minutes after which it starts to decline.
It is also known that zinc wave originates from the endoplasmic reticulum (ER) and is
regulated by L-type calcium channel (LTCC) on the ER membrane [6]. Production of
cytokines in mast cells can be either IgE-mediated or non-IgE- mediated, but it has not
been clear whether LTCC-mediated zinc wave in mast cells is caused by a non-IgE-

mediated stimulation as well. In addition, LTCC-mediated zinc wave has not been
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observed in immune cells other than mast cells. Therefore, we examined the possibility
that zinc wave is involved in signaling pathways other than antigen receptor-mediated
pathway. First, we investigated whether increase in cytoplasmic zinc concentration is
caused by LPS or IL-33 stimulation using a zinc fluorescent probe. With all stimuli tested,
a significant increase in fluorescence intensity was observed 30 minutes after
stimulation, and this increase was suppressed by the LTCC blocker nicardipine. We also
examined the effects of nicardipine and a zinc chelator N, N, N, N’ -Tetrakis (2-
pyridylmethyl) ethylenediamine (TPEN) on /-6 transcription induced by LPS and IL-33.
The result showed that the transcription rate was significantly suppressed by
nicardipine and TPEN. These results revealed that zinc wave is also involved in the
activation pathways by LPS and cytokines in mast cells. It is also possible that zinc wave
1s involved in the activation of cells of innate immunity since LPS activates these cells,
in addition to mast cells, to induce cytokine production. Therefore, we investigated
whether zinc wave is involved in cytokine production in dendritic cells, one of the innate
immune cells. Zinc wave was also observed when dendritic cells were stimulated with
LPS. This suggests that zinc wave is not only involved in the mast cell-specific signaling
pathways but may also be part of the universal signal regulation mechanism in the

cytokine transcription pathways.

Chapter 2: Investigation of the regulatory mechanism of mast cell activation using ARF1

peptide.

ARF1 is a small G protein belonging to the Ras superfamily, and it has been shown to
have variety of roles in cells such as cytoskeletal regulation, membrane trafficking, and
phospholipid metabolism. In addition, ARF1 has been reported to be involved in
degranulation in mast cells. MTM-ARF1(2-17) (hereafter called “ARF1 peptide”), a cell-
permeable fusion peptide in which a membrane translocating motif (MTM) is fused to a
short N-terminal sequence corresponding to residues 2-17 of ARF1, has been shown to
inhibit the FceRI-induced ARF1 activation and mast cell degranulation [4]. Therefore,
we investigated the effect of ARF1 peptide on mast cell activation. First, we examined
the amino acid sequence of ARF1 peptide important for the suppression of degranulation
by deleting amino acids from the C-terminal and/or the N-terminal in a sequential
manner in order to investigate the structure-activity relationship relative to the
suppression of degranulation. The result showed that the sequence containing lysine at
the 10th and 16th positions of the ARF1 peptide is important for the suppression of mast
cell degranulation activity. Next, we investigated the effect of mast cells on cytokine
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production and lipid mediator production using the ARF1 peptide. The result showed
that the ARF1 peptide inhibited cytokine production and lipid mediator production.
These results indicated that ARF1 is involved not only in degranulation but also on
cytokine production and lipid mediator production. Furthermore, the effect of the ARF1
peptide on anaphylactic reaction using a mouse anaphylaxis model was examined to
investigate the anti-allergic effect of the ARF1 peptide. The ARF1 peptide suppressed
the anaphylactic reaction in mice, suggesting the possibility of drug discovery targeting
ARF1.

Overall, these studies suggested that the mechanism of zinc wave is a universal
mechanism in the regulation of cytokine gene expression. We have also discovered a role

of ARF1 signaling pathway in mast cell activation mechanism.
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